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ABSTRACTED -PUB -NO: JP 63015200 A 
BASIC -ABSTRACT: 

Radioactive waste boric acid liq. discharged from 
atomic power stations, etc., is treated by a 
method where the waste liq. is concentrated and 
mixed with phosphoric acid and an alkali metal or 
an alkali metal salt of phosphoric acid, in amt . 
corresp. to amt. of boric acid present, so as to 
obtain a compsn. , represented by region surrounded 
by line showing 2 0 mole% and 40 mole% B203 and the 
line showing 20 mole% and 40 mole% X20 (where X is 
an alkali metal) in the glass composition range as 
represented by the Fig. I. The mixt. is heated to 
remove water and water of crystallisation, to form 
calcined body composed primarily of boron 
phosphate, followed by heating the calcined body 
to temps, above 600 deg.C to form phosphate glass. 

USE / ADVANTAGE - Method can effectively and simply 
treat radioactive waste boronic acid liq. from 
atomic power stations, etc., by forming highly 
tough and stable solids at low cost, with emission 
of less radioactive fume and dust. 

TITLE -TERMS: TREAT RADIOACTIVE WASTE 

BORIC ACID LIQUID 
CONCENTRATE MIX PHOSPHORIC 
ALKALI METAL SALT HEAT FORM 
PHOSPHATE GLASS 

ADDL - INDEXING - TERMS : SALT 



ffle:///C|/Documents%20an^ (2 of 3)3/16/2009 10:02:09 AM 



DERWENT-ACC-NO: 1988-060022 

DERWENT -CLASS: K07 
CPI -CODES: K07-B01; 

UNLINKED- DERWENT- REGISTRY - 
NUMBERS: 

SECONDARY- ACC-NO : 

CPI Secondary Accession Numbers: 



; 1498U ; 1711U 



1988-026892 



file^//C|/Docu m ents%20and%20Setting S /shan^yy^0Dpc...45_2009-03- , 0:02:09 



19. Japan Patent Office (JP) 

1 2. Laid-open Patent Gazette (A) 

1 1 . Laid-open Patent Application No. Sho 63-1 5200 

43. Publication Date: January 22, 1988 



5 1 . Int. CI. 4 ID Code Agency Control No. 
G21 F 9/16 E-6923-2G 

Number of Inventions: 1 

Examination: Not Requested (Total 4 pages) 



54. Invention Title: Phosphate Classification Treatment Method for Radioactive Boric Acid 
Liquid Waste 

21. Application No.: Sho 61-157955 

22. Application Date: July 7, 1986 

72. Inventor: Koji Haneda, 6-275-5 Honmachi, Kitamoto City, Saitama Prefecture 

71 . Applicant: Mitsubishi Atomic Power Industries, Inc., 2-4-1 Shibakoen, Minato-ku, Tokyo 

74. Agent: Hideaki Sato, Patent Agent 



SPECIFICATION 

1 . TITLE OF INVENTION 

Phosphate Classification Treatment Method for Radioactive Boric Acid Liquid Waste 

2. WHAT IS CLAIMED IS: 

A phosphate glassification treatment method for radioactive boric acid liquid waste, 
wherein phosphate glass is created by adding, to concentrated boric acid liquid waste made by 
concentrating radioactive boric acid created at a nuclear power facility, phosphoric acid and an 
alkali metal or an alkali metal salt of phosphoric acid so as to achieve a composition in the range 
bounded by the lines indicating B2O3 20 mol% and 40 mol% and the lines indicating X2O 20 
mol% and 40 mol% in the glass composition range diagram shown in FIG. 1 (in the diagram, X 
represents an alkali metal, and XO2 represents the molarity in a combination of one or more of 
Li20, Na20, and K2O), and kneading and heating this to remove water and remove the water of 
crystallization, producing a calcinate consisting mainly of a boron phosphate compound; the 
calcinate is heated to 600°C or higher to create a phosphate glass. 

3. DETAILED DESCRIPTION OF THE INVENTION 
Industrial Field of Application 

The present invention relates to a phosphate glassification treatment method, for 
radioactive boric acid liquid waste, which converts the radioactive boric acid liquid waste created 
by a nuclear power facility, especially a pressurized water nuclear reactor (hereinafter "PWR"), 
into a stable solid. 



Prior Art 

In conventional practice, the radioactive boric acid liquid waste created at a PWR power 
generating station, etc. is vaporized and concentrated, and then sent to an asphalt solidification 
treatment apparatus, and while it is being mixed with asphalt the remaining moisture component 
is vaporized and removed at high temperature (120°C or lower), and finally is converted into a 
solid form kneaded into asphalt, and is put into drums and stored. 

Problems the Invention Is to Solve 

However, the abovementioned asphalt solidification method has the following sort of 
problems that are defects caused by the essential nature of asphalt, and is not suitable for the 
final (permanent) storage and treatment methods (for example, disposal at sea, underground 
storage, throwing away) envisioned in the near future. 

(1) The solidified asphalt is broken down by heat and light (radiation) and generates gas. 

(2) The solidified asphalt is combustible and oxidizes. 

(3) The solidified asphalt is deficient in mechanical strength, and is thermoplastic. 

(4) The solidified asphalt is not dense enough. 

(5) The solidified asphalt is deficient in volume decrease. For example, a PWR standard unit 
plant (1200 MWe x 2 reactors) creates 150 tons of 12% radioactive concentrated boric 
acid liquid waste per year. The solidified asphalt from this would fill 200 200-liter drums. 
Because of this sort of background, development and research has been proceeding on 

methods of converting liquid waste into an inorganic solid that are suitable for final disposal 
methods and achieve even greater volume reduction. 

The present invention is one that was created in order to solve the sort of problems 
described above. 

Means for Solving the Problems 

A radioactive boric acid liquid waste treatment method for dealing with the sort of 
current situation and problems described above basically needs to have the following sort of 
characteristics. 

(1) It is a process that removes the remaining moisture component from concentrated boric 
acid liquid waste, and in addition promotes a reaction to remove the water of 
crystallization (2 H 3 B0 3 -> B 2 0 3 + 3 H 2 0) with little possibility of scattering radioactive 
material (radioactivity management). 

(2) This process is relatively simple, and has low operating costs from the perspective of the 
required power, etc. (operating maintenance, economy). 

(3) Boric acid is incorporated into its matrix, resulting in a solid that is chemically and 
physically stable (compatibility with waste standards). 

(4) As much boric acid as possible is incorporated into the solid without impairing the 
stability of the solid (volume reduction). 

The present invention is one that was created based on such concepts. More specifically, 
it prepares the initial material by adding, to concentrated boric acid liquid waste, phosphoric acid 
and an alkali metal or an alkali metal salt of phosphoric acid so as to achieve a composition in 
the slanted-line range bounded by the lines indicating B 2 0 3 20 mol% and 40 mol% and the lines 
indicating X 2 0 20 mol% [and 40 moP/o] 1 in the FIG. 1 glass composition range, thereby forming 
a molten salt that can be kept at in a liquid phase state to high temperature, and therefore 



1 This phrase omitted in original. 



proceeding with a moderate condensation-dewatering reaction that causes almost no scattering of 
radioactive material. However, in FIG. 1, X represents an alkali metal, and XO2 represents the 
total molarity in a combination of one or more of Li20, Na20, and K2O. As the reaction 
progresses, the molten liquid becomes more viscous, and ultimately creates a calcinate (powder) 
consisting of a boron phosphate compound containing almost no moisture. 

In addition, the calcinate obtained in this manner is heated to 600°C or higher to form a 

homogeneous phosphate glass. The phosphate glass created in this manner has 

as its glass network structure, so the percentage of boric acid contained is high, and it has 

properties that are stable chemically and mechanically. 

Operation 

A molten salt that can be kept at in a liquid phase state to high temperature is formed by 
adding an alkali metal salt of phosphoric acid to concentrated boric acid liquid waste, and while 
this liquid phase state is maintained, vaporization of the remaining moisture component and a 
condensation/dewatering reaction proceeds, forming larger molecules (making the molten liquid 
more viscous) and ultimately creating a powder calcinate consisting of a boron phosphate 
compound. The calcinate that is formed can be made into a stable and homogeneous phosphate 
glass using an electric furnace, etc. 

Embodiments 

Below, embodiments of the present invention shall be described in detail. 

In the present invention, alkali metal salts include Li 2 C0 3 , Na 2 C0 3 , K 2 C0 3 , etc., which 
are carbonates of alkali metals; LiN0 3 , NaN0 3 , KN0 3 , etc., which are nitrates of alkali metals; 
and U2SO4, Na2.S04, K2SO4, etc., which are sulfates of alkali metals. Alkali metal salts of 
phosphoric acid include LiH 2 P04, NaH2P04, KH2PO4, etc., which are primary phosphates of 
alkali metals, and Li 2 HP04, Ha 2 HP0 4 , K 2 HP0 4 , etc., which are secondary phosphates of alkali 
metals. 

The region of the slanted lines shown in FIG. 1 was determined through consideration of 
the following points. 

(1) Making the melting-glassification temperature as low as possible. 

(2) Going in the direction approaching B 2 0 3 in FIG. 1 so as to contain as much as possible of 
the boric acid component. 

(3) Making the range as far as possible from the vertices of X2O, P2O5, and B20 3 so as to be 
chemically stable. Water resistance in particular becomes dramatically worse near the 
X 2 0 vertex. 

In all of the following embodiments, the starting material was prepared so as to produce 
components per the abovementioned slanted lines. 

Embodiment 1 : When B/P (atomic ratio) = 1/1 using primary sodium phosphate 

A sample was made by adding 3 03 g of primary sodium phosphate (NaH 2 P04 ■ 2 H 2 0) to 

1 kg of concentrated boric acid liquid (12 wt% as H 3 B0 3 ). This amount of primary sodium 

phosphate was determined so that the atomic ratio of B/P would be 1/1 in the calcinate 

composition after dewatering and the end of calcination. 

This sample was placed in a suitable container, and slowly heated while stirring and 

mixing it; excess moisture other than water of crystallization contained in the sample was 



vaporized and removed at 80-1 00°C. As a result the sample became a molten salt that was rather 
viscous and highly homogeneous. 

While continuing to stir the sample, it was additionally heated and its temperature was 
gradually raised from 100°C to 200°C. Repeated condensation and dewatering reactions were 
performed while keeping the sample in a liquid phase state; it passed through a gel-like high- 
viscosity state and became a powder. 

Finally it was heated to 300~400°C and became a complete calcinate (granules). About 
265g of calcinate was obtained, consisting of two compounds (Na 2 BP0 5 , BP0 4 ). The reaction, 
expressed as a chemical reaction, was 2 H3BO3 + 2 NaH 2 P0 4 -> Na 2 BP0 5 + BP0 4 + 4 H 2 0 T . 

The calcinate thus created was placed in a magnetic crucible, and heated and melted in an 
electric furnace at 700°C to make a glass solid. The resulting glass was a phosphate glass whose 
basic unit was " i° "* f~ *~ f" 0 1 , and its density was about 2.3. It was possible to reduce the 
volume to about 1/9 of the original volume of concentrated boric acid liquid. 

Embodiment 2: When B/P (atomic ratio) = 1/2 using primary sodium phosphate 

A sample was made by adding 606g of primary sodium phosphate (NaH 2 P04 1 2 H 2 0) to 

1 kg of concentrated boric acid liquid (12 wt% as H3BO3), as in Embodiment 1. 

About 450g of glass solid was obtained from this sample through exactly the same 

operation as in Embodiment 1 . The density of the glass was about 2.2, and it was possible to 

reduce the volume to about 1/5 of the original concentrated boric acid liquid. 

Embodiment 3: When B/P (atomic ratio) = 2/1 using primary sodium phosphate 

A sample was made by adding 1 52g of primary sodium phosphate (NaH 2 PC>4 ■ 2 H 2 0) to 

1 kg of concentrated boric acid liquid (12 wt% as H3BO3), as in Embodiments 1 and 2. 

About 167g of glass solid was obtained from this sample through exactly the same 

operation as in Embodiments 1 and 2. The density of the glass was about 2.3 x, and it was 

possible to reduce the volume to about 1/10 of the original concentrated boric acid liquid. 

Embodiment 4: When using phosphoric acid and sodium carbonate instead of primary sodium 
phosphate 

A sample was made by adding 280g of sodium carbonate (Na 2 C0 3 • 10 H 2 0) and 190g of 
phosphoric acid (H3PO4) to 1 kg of concentrated boric acid liquid (12 wt% as H3BO3). These 
amounts of sodium carbonate and phosphoric acid were determined based on the stoichiometric 
ratio for creating primary sodium phosphate through the following reaction. 

(Na 2 C0 3 ■ 10 H 2 0) + 2 H3PO4 = 2(Na 2 H 2 P0 4 • 2 H 2 0) + C0 2 + 7 H 2 0 
About 265g of phosphate glass solid was finally obtained from this sample through exactly the 
same operation as in Embodiment 1 . The characteristics of the resulting solid were the same as 
those obtained in Embodiment 1. 

Embodiment 5: When using primary potassium phosphate instead of primary sodium phosphate 
A sample was made by adding 270g of primary potassium phosphate (KH 2 P0 4 ) to 1 kg 
of concentrated boric acid liquid (12 wt% as H3BO3). About 270g of phosphate glass solid was 
obtained from this sample through exactly the same operation as in Embodiment 1 . The 
characteristics of the resulting solid were similar to those obtained in Embodiment 1 . 



Effect of the Invention 

The phosphate glassification treatment method for radioactive boric acid of the present 
invention as described in detail above achieves the following sorts of effects. 

(1) The condensation-dewatering reaction takes place while maintaining a liquid phase state, 
so there is very little creation of radioactive fume dust, etc. 

(2) The operation is carried out continuously, and the process is simple. 

(3) Phosphoric acid is low in price, and if it is used, calcinations and glassification can be 
done at a relatively low temperature, so it is very economical. 

(4) The resulting glass solid has high strength and high density (2.2-2.3 g/cm 3 ), and has 
excellent chemical stability. 

(5) The resulting glass solid has a high boric acid content (15-30 wt% as B 2 0 3 ), and is 
excellent in volume reduction. 

Accordingly, compared to the asphalt solidification method it is possible to reduce the 
amount of drums generated per year by about 50% or more. (Based on the 150 tons of 12% 
concentrated boric acid liquid waste per year created by a PWR standard unit plant with 1200 
MWe x 2 reactors, the glass solid produced by the present method would be about 100 200-liter 
drums.) 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a composition diagram showing the composition range of phosphate glass. 



FIG. 1 
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